The objective of this study was to develop a fluorogenic real-time PCR-based assay for detecting and quantifying amounts of cow milk in cow/goat milk mixtures or goat milk products. In order to quantify the exact amount of cow milk in cow/goat raw milk mixtures and commercial goat milk products, it was necessary to achieve quantitative extraction of total genomic DNA from the raw milk matrix. Both mammalian-specific PCR and cow-specific PCR were performed. A cow-specific 252 bp band obtained from the raw cow milk and raw goat milk mixtures, commercial goat milk, and two goat milk powders was identified, along with the relationship between the cow milk amount and band intensity of the electrophoresis image. The detection threshold was found to be 0.1%. The expression of cow's 12S rRNA in the cow/goat milk mixtures, commercial goat milk, and two goat milk powders was identified. The expression quantity of the milk 12S rRNA increased with increasing ratios of the cow/goat milk mixtures. Using these calibrated relative expression levels as a standard curve in the cow/goat raw milk mixtures, the contents of cow milk were 1.8% in the commercial goat milk, 9.6% in goat milk powder A, and 11.6% in goat milk powder C. However, cow milk was not detected in goat milk powder B.
Introduction
It is well recognized that bovine (cow) milk and dairy products are nutritionally almost perfect animal foods. However, some bovine milk products are well known as allergy-inducing substances (Kotowicz et al., 2007) .
Goat milk has been used as a health functional food in many countries. The chemical compositions of bovine milk and goat milk are different; goat milk contains less α s1 -casein, which cannot be digested by babies, and β-lactoglobulin, which is a known allegen for some people. Goat milk has more nucleotides, immunoglobulins, polyamines, and taurine than bovine milk (McCane et al., 2007) . Nutrient contents in goat milk are slightly lower than those in bovine milk, but the size of fat globules is much smaller than in bovine milk, which means better digestion. Furthermore, goat milk has more chlorine, bromine, and silicone than other animal milks (McCane et al., 2007) .
In many countries, goat milk is much more expensive than bovine milk, and this could be a reason why people may fraudulently mix bovine milk with goat milk. Some cheeses have been made with bovine milk, sheep milk, and goat milk by mixing a minimum of 10%, respectively (Mayer et al., 1997) . In such cases, consumers do not trust products and some could suffer from allergy symptoms caused by bovine milk protein. Therefore, consumer demands for detailed information about food composition and ingredients have been increased (Mayer, 2005) .
The protein in milk and dairy products has been analyzed by capillary electrophoresis (Molina et al. 1999) , two-dimensional electrophoresis (Chianese et al., 1990) , isoelectric focussing (Moio et al., 1990) , HPLC (Ferreira and Cacote, 2003) , ELISA (Anguita et al., 1997; Hurley, 2004) , and so on. However, these methods are not optimal, but rather limiting because the proteins can be lost or degraded by heating, high pressure, and other operations during food processing (Bottero et al., 2003) .
DNA in milk somatic cells is known to be very stable and therefore it is possible for species identification of milk using the polymerase-chain reaction (PCR) (Mafra et al., 2004) .
Furthermore, real-time PCR is useful to quantify milk et al., 2011; Takara, 2007) . Lee and Choi (2009) reported that rapid identification of bovine milk and goat milk in dairy products could be possible by Duplex PCR. Real-time PCR has been applied to exclude the false positive of conventional PCR, to reduce contamination rates, and to improve the reliability of results (Madani et al., 2005) . Recently, real-time PCR assays were proposed to detect and quantify bovine milk in Mozzarella cheese (Lopparelli et al., 2007) , and in Italian cheese (Mininni et al., 2009) . Although there have been many reports about fraud detection of dairy products using PCR, few studies relating to rapid and sensitive methods have been reported for real-time PCR in commercial dairy products.
Therefore, in this study, we attempted to establish a more sensitive and correct real-time PCR method for quantification of bovine milk in commercial goat milk and goat milk powders.
Materials and Methods

Material
Raw goat milk was kindly provided by Rainbow Goat Milk Farm (Korea). Liquid cow milk and three kinds of goat milk powders were purchased from a local market. Cow milk was mixed with goat milk at ratios of 0.1, 0.5, 1, 5, 10, 20, and 39%, respectively, to make standard samples and to quantify the bovine milk.
Methods
Extraction of DNA and Quantification DNA was extracted using a G-spin genomic DNA extraction kit (INtRON Biotechnology, USA). The extracted DNA purity and concentration were measured in triplicate using a Nano Drop 1,000 Spectrophotometer (Thermo, Japan) at 230, 260, and 280 nm.
Nucleotide primer and probe
In order to polymerize the 12S rRNA gene, a cow specific primer basic sequence was applied using the same primer as Lopez-Calleja et al. (2007a) suggested: 12STAQMANBT. A goat specific primer (12STAQMANCH) basic sequence and mammalian specific primer (12STAQMANREVM2) were also used, and were the same primers as LopezCalleja et al. (2007b) reported. All applied forward primers were the same.
Primers and fluorogenic probes were adopted using Primer Express 2.0 software (Perkin Elmer-Applied Biosystems Division, USA) as recommended by Lopez-Callega et al. (2005) .
The TaqMan probe method was used in this experiment with the 5' terminal employing fluorogenic 6-carboxyfluorescein (FAM) and the 3' terminal using the scavenging material 6-carboxy-tetramethylrhodamine (TAMRA), which was attached to a PCR reagent modified oligonucleotide (TaqMan probe). The primers and probes used in this experiment were made by Bioneer Co. (Korea). The basic sequences of the primers and probes are listed in Table 1 .
Real-time PCR
For real-time PCR, a Rotor-Gene 6,000 (Corbett Research, Australia) was applied. The final volume of the reaction solution per sample was adjusted to 25 µL. The composition of the reaction solution was as follows: TaqMan Universal 2×12.5 µL of PCR master mix (Applied Biosystems, USA), 300 nM of forward primer, 900 nM of reverse primer, and a 200 nM fluorescent probe (Bioneer Co., Korea), combined with sterilized distilled water and DNA matrix (10 ng/µL) and made to a total volume of 25 µL; then real-time PCR was performed according to LopezCalleja et al. (2005) 
Reliability test of real-time PCR
In order to check the sensitivity of the test method, stan- 
